(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World InteUectual Property,! 
Organization 
Internationa] Bureau 

(43) Intemational Publication Date 
22 April 2004 (22.04.2004) 




PCT 



llllllliillllllillillllllilillllllllllilillli 

(10) International Publication Number 

wo 2004/034059 Al 



(51) International Patent Classification^: 



GOIN 33/574 



(21) International Application Number: 

PCT/CA2003/001553 

(22) Intemational Filing Date: 9 October 2003 (09.10.2003) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

60/417,918 1 1 October 2002 (11. 10.2002) US 

(71) Applicant (for all designated States except US): 
SENTINA BIOTECHNOLOGY INCORPORATED 
[CA/CA]; 275 Manor Road East, Toronto, Ontario M4S 
1S3 (CA). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): KREPINSKY, Jiri, 
Jan [CA/CA]; 132 Bumdale Avenue, Willowdale, Ontario 
M2N 1S9 (CA). FURRER, Rudolf [CA/CA]; 2B-875 
Millwood Road, Toronto, Ontario M4G 1W8 (CA). YE- 
UNG, Ka, Sing [CA/CA]; 132 Bumdale Avenue, Toronto. 
Ontario M2N 1S9 (CA). 

(74) Agent: KURDYDYK, Linda; McCarthy Tetrault, Suite 
4700, P.O. Box 48, 66 Wellington Street West, Toronto Do- 
minion Bank Tower, Toronto, Ontario M5K 1E6 (CA). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, EG, ES, H, GB, GD, GE, 
GH, GM, HR, HU, ID, XL, IN, IS, JP, KE, KG, KP, KR, 
KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, 
MN, IVfW, MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, 
RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, TN. TR, 
TT. TZ, UA, UG. US, UZ, VC. VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, IVIR, NE, SN, TD, TG). 

Published: 

— with intemational search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the extent of receipt of 
amendments 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



IT) 
O 

m 

^ (54) Title: METHODS FOR DETECTION OF BREAST CANCER 

(57) Abstract: The invention relates to a simple screening test for neoplasia, a precancerous condition, or cancer of the breast. A 
method is described whereby a breast cancer marker is detected in breast fluid. In a particular embodiment, the method involves 

^5 treating samples of breast fluids with an aldehyde detecting reagent without any prewashing. The appearance in breast fluids of a 
marker that is detected by an aldehyde detecting reagent, such as a Schiff's reagent, correlates very well with the disease status of 

1^ the breast cancer subjects from which the fluids were obtained. Screening test kits are also provided. 
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TITLE: METHODS FOR DETECTION OF BREAST CANCER 
FIELD OF INVENTION 

This invention relates to a simple screening test for breast cancer, A method is described whereby a 
breast cancer marker is detected in breast fluid. 
BACKGROUND OF THE INVENTION 

Breast cancer is the most common noncutaneous cancer in North American women, with an 
estimated 192,000 newly diagnosed cases in 2001 in the United States alone. Breast cancer also appears in 
males although it is rare: about 1% of the incidence in women. In Connecticut, where longitudinal cancer 
statistics are available, breast cancer increased about 1% a year from the 1940s to 1980. Between 1982 and 
1987, it increased about 4% a year, in association with the widespread use of screening by mammography 
(1-4). 

Because of this higih incidence, breast cancer is the. second most common cause of cancer-related 
death in wcanen in North America, wiA an estimate of over 40,000 cancer fatalities in 2001, i.e. 
approximately 25% of breast cancer cases end in death (1). Therefore, preventing the development of breast 
cancer, and death from it, is an extremely important task in North America and other populations where 
breast cancer rates are increasing rapidly. Because there are no realistic prospects of significantly improving 
the cure rale once the cancer has spread, many authorities believe that breast cancer can be effectively 
controlled only by preventive measures, as it has been documented for colorectal cancer (5). 

Primary prevention of breast cancer (i.e. averting the development of the tumor by altering 
biological risk Actors) is not yet feasible since so little is understood of the etiology of the disease. 
Alternatively, secondary preventive measures (i.e. detection at an asymptomatic, treatable state) would be 
possible should an effective screening test be available. Indeed, breast cancer has the characteristics of a 
suitable candidate for the development of a screening test: (1) it is a common cause of cancer-related deaths 
and the disease prevalence is sufficienUy high to justify the expense of a screening program; (2) once the 
stage of invasive cancer is reached, leading to symptoms, the mortality rate is over 25%; and (3) removal of 
breast cancer at its earliest, asymptomatic stage can be done by limited surgical intervention, without any 
significant risk. Moreover, as breast cancer may become metastatic and increasingly fetal in a short time, the 
opportunity to detect these neoplasms at their treatable stage is limited. Therefore a screening test which 
would enable eariy diagnosis of the disease is of utmost importance. 
Principles of screening 

The goal of a medical screening program is to reduce mortality by detecting a disease at a 
sufftciendy eariy stage to allow curative treatinent Usually it is not designed to diagnose a disease, but to 
determine which asymptomatic, apparently disease-free individuals should undergo diagnostic 
investigations. The effectiveness of a screening test to distinguish those who warrant further evaluation from 
those who do not is expressed in the following epidemiological terms: sensitivity, specificity, positive 
predictive value, and negative predictive value. Sensitivity is defined as the proportion of diseased 
individuals who have a positive test (true positives/all persons with the disease); specificity is the proportion 
of disease-free subjects who have a negative test (true negatives/all persons without tfie disease; positive 
predictive value is die proportion of positive tests due to the disease (true positives/all positives); negative 
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predictive value is the proportion of negative tests due to the absence of the disease (true negatives/all 

negatives). Almost always, sensitivity and specificity must be traded against each other. Intuitively, it 

appears wise to design a screening test for a i^I disease so as to optimize sensitivity, in order to detect as 

many individuals with the disease as possible. It has been emphasized, however, &at optimizing sensitivity 
5 brings with it a risk of reducing the specificity to such an extent that unacceptably high costs, poor 

compliance, and "flooding" of diagnostic facilities result Moreover, positive predictive value which is a 

particularly useful expression of the value of screening test is critically dependent on specificity and on how 

common the occurence of a disease is in the population screened (6). 

Screening Using A Schiff's Reagent 
10 Colorectal mucus from patients with colorectal cancer turns purple on treatment with SchifiTs 

reagent as disclosed in U.S. Patent No. 5,416,025 to Krepmsky et al. More specifically, in U.S. Patent No. 

6,187,591 to Krepinsky et al. it is documented tiiat the aldehydes selected from the group consisting of tiie 

following aldehydes that are insoluble in water: hexadecanal CH3(CH2)|4CH«0 commonly known as 

palmitaldehyde, octadecanal CH3(CH2)igCH«0 conunonly known as stearaldehyde, and octadec-9-enal, 
15 CH3(CH2)7CH=CH(CH2)7CH'0, commonly known as olealdehyde» provide markers of cancer in 

colorectal mucus obtained by digital rectal examination in colorectal cancer patients (U.S. Patent No. 

5,416,025 to Krepinsky et al., U.S. Patent No. 6,187,591 to Krepinsky et al, and 7). 

Current Modalities of Breast Cancer Diagnosis and Screening 

Breast Self Examination (BSE) 
20 Monthly BSE is frequently advocated, but after many large scale studies have been conducted, there 

is no evidence for its effectiveness (8). 

Qinical Breast Examination (CBE) 

Clinical breast examination (by a health care practitioner) may discover breast cancers that are not 

detected by the patient or by other screening methods (4), but no randomized trials of CBE as a sole 
25 screening modality have been done. Based on studies that combined CBE with other modality, CBE may be 

effective with a sensitivity of 70% to 80%, and specificity of close to 90% (9). 

Mammograpf^ 

Mammography utilizes X-rays to identify differences in breast tissue density. The examination is 
performed by compressing the breast firmly between a plastic plate and a plate covering an x-ray cassette 

30 which contains special x-ray film. The density of cancer tissue is higher. This difference can be observed in 
conventional mammography directly on the film, or in digital mammography using computer-assisted 
evaluation to create breast tissue images. Mammography can identify breast cancers too small to be palpated 
on physical examination, and can also find ductal carcinoma in situ (DCIS), a noninvasive condition (10). 
Since all cancers develop as a consequence of a series of mutations, it is theoretically beneficial to diagnose 

35 these noninvasive lesions. However, whether mass screening with mammography ultimately saves lives is 
still a subject of heated debate. Most recently, a review published by Cochrane Library concluded that there 
is no evidence that niammography saves lives in the long run (1 1-13). 
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Ultrasonograpliy 

The primary role of ultrasound is the evaluation of palpable or mammographically identified 
masses. A review of the literature and expert opinion by the European Group for Breast Cancer Screening 
concluded, "there is little evidence to support the use of ultrasound in population breast cancer screening at 
any age"(14). 

Magnetic Resonance Imaging (MRI) 

MRIs have been used to evaluate palpable bn»>st masses and to discriminate between cancer and 
scar, but their role in breast cancer screening has not been established (15). 
DNA Analysis 

Screening for breast cancer by DNA analysis is based on the presence of altered genes such as 
BRCAl and BRCA2 in women with increased risk for the development of the disease (16). However, the 
majority of breast cancer cases (approximately 90%) are sporadic (17). i.e. no hereditary links could be 
identified, and dierefore DNA analysis could not identify them. 
Breast Secretion Fluids 

It is believed that neoplastic changes occur in one breast duct at the onset of the disease and may 
involve other ducts as the disease progresses (20). Since cancer cells may slough ofFand enter into the ductal 
fluids, cytological examinations of fluids and identification of atypical cells has been considered as a tool to 
detect the presebce of neoplasia and cancer. In particular, many investigations utilizing nipple aspirate fluid 
(18. 21-24) have been conducted and coireiations of abnonnal cytology of breast secretion fluids (19) with 
breast neoplasia and cancer have been reported (25-33). However, cytological analysis is laborious and 
requires relatively large volumes in order to obtain sufficient numbers of exfoliated ceUs. rendering this 
approach impractical for screening purposes. 

In conclusion, there is a need for a simple screening test for breast cancer which may be used solely 
or in conjunction with other methods (such as clinical breast examination or mammography). 
25 SUMMARY OF THE INVENTION 

Applicants have developed a novel method for detecting neoplasia, a piecam»rous condition, or 
cancer of the breast The method detects a breast cancer marker in samples from a subject, in particular m a 
sample of breast fluid. In a particular embodiment, the method involves treating a sample of breast fluid with 
an aldehyde detecting reagent without any prewashing. 

The method was found to be useful in detecting breast cancer or neoplasia, or a predisposition to 
breast cancer. Using the method of the invention, samples originating from the breast of subjects with breast 
neoplasia, precancer, or cancer of the breast showed a detectable change after addition of an aldehyde 
detecting reagent No detectable change was detected for samples that originated from the breast of subjects 
without any of the above conditions. The appearance in breast fluids of a marker that is detected by an 
aldehyde detecting reagent, such as a Schiffs reagent, was found to coiretate very well with the disease 
status otHte breast cancer subjects from which the fluids were obtained 

The method of the mvention has many advantages. The method is rapid, simple, inexpensive, and 
provides a soeening test fbr breast cancer that does not give a high percentage of fiUse negative or fidse 
positive results. The method feeflitates early detection of the disease and it can be used for screening of large 
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populations. Because of its high sensitivity for neoplasms the method of the invention may replace 
mammography or it may reduce the number of patients undergoing mammography. The early diagnosis of 
the disease made possible by the screening process herein described, in combination with novel medicinals 
such as femara, may lower significantly the number of deaths from breast cancer altiiough primary 
5 prevention of the disease (37) is not yet possible. 

Broadly stated the present invention provides a tool for screening of asymptomatic individuals for 
breast cancer and a screening test to detect early changes in the breast which eventually lead to breast cancer. 

In an aspect of the invention, a method is provided for detecting neoplasia, a precancerous 
condition, or cancer of the breast in a subject comprising treating a sample of breast fluid from the subject 
10 with an aldehyde detecting reagent where the detection of a change produced by the aldehyde detecting 
reagent compared to a control (e.g. normal subject) is indicative of neoplasia, a precancerous condition, or 
cancer of the breast The absence of a change may indicate tfiat die subject does not have neoplasia, a 
precancerous condition, or cancer of the breast 

In an aspect of the invention, a method is provided comprising the following steps: 
15 (a) obtaining a sample ofbreast fluid from a subject; 

(b) depositing the sample on a solid support; 

(c) treating die sample with an aldehyde detecting reagent without any prewadiing; and 

(d) detecting a colodmetric change produced in the sample, where detection of a colorimetric 
change compared to a control is indicative of neoplasia, a precancerous condition, or 

20 cancer of the breast 

In another aspect of the invention, a method is provided comprising the following steps: 

(a) obtaining a sample ofbreast fluid from a subject; 

(b) depositing die sample on a solid support; 

(c) treating the sample with an aldehyde detecting reagent, without any prewashing, wherein 
25 the reagent reacts with aldehydes in the sample to form an adduct that adheres to the solid 

support; and 

(d) detecting a colorimetnc change produced in the sample, where detection of a colorimetric 
change compared to a control is indicative of neoplasia, a precancerous condition, or 
cancer of the breast 

30 In an embodiment the aldehyde detecting reagent is a SchifTs reagent and the change produced by 

the SchifTs reagent is a colorimetric change ( i.e. purple coloration). Hius, the invention provides a method 
for detecting a neoplasia, a precancerous condition, or cancer of the breast in a subject, which method 
comprises: 

a) obtaining a sample of breast fluid from a subject; 
35 b) depositing the sample on a solid support; 

c) treating the sample on the support with a SchifiTs reagent without any prewashing; and 

d) detecting a colorimetric change resulting from the reaction of the sample and SchifTs 
reagent wherein a colorimetric change is indicative of neoplasia, precancer or cancer of the 
breast 
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In an embodunent, the invention provides a method for detecting a neoplasia, a precancerous 
condition, or cancer of the breast in a subject, which method comprises: 

a) obtaining a sample of breast fluid from a subject; 

b) depositing the sample on a solid support; 

c) treating the sample on the support with a SchifTs reagent without any prewashing; 

d) washing the support cairying the sample; and 

e) detecting a colorimetric change resulting from the reaction of the sample and SchifTs 
reagent wherein a colorimetric change is indicative of neoplasia, precancer or cancer of the 
breast. 

In an embodiment, the invention provides a method for detecting a neoplasia, a precancerous 
condition, or cancer of the breast in a subject, which method comprises: 

a) obtaining a sample ofbreast fluid from a subject; 

b) depositing the sample on a solid siq>poT^ 

e) treating the sample on the suppoit with a SchifTs reagent without any prewashing; 
* observing color fomiation produced in the sample; 
e) washing the support; and 

0 detecting a colorimetric change resulting from the reaction of the sample and Schifi's 
reagent wherem a colorimetric change is indicative of neoplasia, precancer or cancer of the 
breasL 

In »i embodiment of the invention a method for detecting the presence of a precancerous condition 
neoplasia or cancer of the breast is provided which method consists essentially of obtaining a sample of 
breast fluid from a subject, treating the sample without any prewashing step with a SchifTs reagent, and 
detecting a precancerous condition, neoplasia or cancer of the breast based upon the coloration produced in 
the sample by the treatment 

In . jarticutor embodiment, a method for detecting the presence of neoplasia, a precancerous 
condition, or cancer of the breast is provided, which method consists essemially of obtaining a sample of 
breast secretion from the breast of a subject; treating said sample with a SchifTs reagent; and. detecting 
neoplasia, a precancerous condition, or cancer of the breast based upon the puqile coloration produced in 
said sample by said treatment 

The invention contemplates a method for detecting the presence of neoplasia, or cancer of the 
breast, which method comprises (a) obtaining a sample of breast secretion fluids which includes breast 
dachane. ductal secretion including single duct secretion, ami nipple aspiiate fluid from the nipple of one or 
both non-lactating breasts of a subject; (b) depositing the collected sample on a solid water-insoluble 

support; (c)treating the sample on ti,e support withSchiffsreagent without any prewashing; (d) washing the 
sample; and (e) screening for neoplasia or cancer of tiie breast by peisistert purple coloration produced in the 
sample. 

Breast fluid may contain a variety of substances, one or more being aldehydes and their precuniors 
(eg. ptasmalogens). of which one or more is a marker which by virtue of its solubility in water is susceptible 
to being removed in a prewash before treatment with an aldehyde detecting reagent e.g. Schiff s reagent 
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Some of the aldehydes upon reaction with an aldehyde detecting reagent (e.g. SchifTs reagent) may form an 
adduct that strongly adheres to a support and cannot be removed by washing. The aldehydes may be low 
molecular weight aldehydes that are soluble in water. The aldehydes may be targeted to detect breast cancer, 
neoplasia, or a precancerous condition. The aldehyde maiicers foimd in untreated breast fluid that react with a 
5 Schiff s reagent are referred to herein as ''aldehyde marker(s) associated with breast cancer" or ''aldehyde 
markers". The markers may be furdi^ characterized as low molecular weight aldehydes that are soluble in 
water. In certain aspects of the invention the term includes precursors of the aldehydes. The aldehydes may 
be used in the diagnostic evaluation of breast cancer or neoplasia, and the identification of subjects with a 
predisposition to breast cancer. 
10 Thus, the invention provides a method for detecting neoplasia, a precancerous condition, or cancer 

of the breast in a subject comprising obtaining from the subject a sample suspected of containing an 
aldehyde maiicer associated widi breast cancer, and detecting the presence of the aldehyde marko* in the 
sample. 

In an aspect the invention provides a method detecting neoplasia, a precancerous condition, or 
15 cancer of the breast in a subject comprising: 

(a) obtaining a sample of breast fluid from the subject; 

(b) detecting in the sample one or more aldehyde markers associated with breast cancer; and 

(c) comparing to a control or standard. 

A control or standard may corre^Kmd to results obtained for samples from healthy control subjects, 

20 from subjects with benign disease, subjects with late stage disease, or from other samples of the subject In a 
preferred embodiment, the control or standard is a healthy control or disease-free subject. 

Increased levels of an aldehyde marker as compared to the standard may be indicative of breast 
cancer. According to a mediod of the invention die levels of aldehyde marker associated with breast cancer 
in a sample from a patient is compared with the normal levels of the marker in samples of the same type 

25 obtained from controls (e.g. samples from individuals not afflicted with disease). Significantly altered levels 
in the sample of the marker relative to the normal levels in a control is indicative of disease. Significantly 
altered levels or significantly different levels of markers in a patient sample compared to a control or 
standard (e.g. normal levels or levels in other samples from a patient) may represent levels that are higher or 
lower than the standard error of the detection assay. 

30 In an embodiment, the invention relates to a method for detecting neoplasia, a precancerous 

condition, or cancer of the breast in a subject by quantitating one or more aldehyde maiker associated with 
breast cancer in a sample of breast fluid from the subject comprising (a) treating the sample with an aldehyde 
detecting reagent; and (b) measuring a detectable change produced by tiie aldehyde detecting reagent in the 
presence of an aldehyde marker; wherein a change in the amount or level of the detectable change compared 

35 to a control is indicative of neoplasia, a precancerous condition, or cancer of the breast 

The invention also contemplates the methods described herein using multiple markers for breast 
cancer. Therefore, the invention contemplates a method for analyzing a sample for the presence of one or 
more aldehyde markers associated with breast cancer and odier markers- that are indicators of breast cancer. 
Other markers include but are not limited to a member of tiie HER £unily of receptor tyrosine kinases. 
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estrogen receptor, interleukins, cadherins (e.g. E-cadherin), BRCAl, and BRCA2. The methods described 
herein may be modified by including reagents to detect the additional markers. 

The invention fiirthcr relates to a method of assessing the efficacy of a therapy for breast cancer in a 
subject comprising comparing: 

(a) a colorimetric change produced by treating a first sample of breast fluid from the subject 
with a Schiffs reagent without a prewash step, wherein the sample is obtained prior to 
providing at least a portion of the therapy, and 

(b) a colorimetric change produced by treating a second sample of breast fluid from the 
subject with a SchifiTs reagent without a prewash step, wherein the sample is obtained 
following therapy. 

A significant difference between the c<rforimctric change in the second sample (e.g. colorless) 
relative to the first sample is an indication diat tiie therapy is efficacious for inhibiting breast cancer. 

The **therapy" may be any therapy for treating breast cancer including but not limited to 
therapeutics, radiation, immunotherapy, gene therapy, and surgical removal of tissue. Therefore, the method 
15 can be used to evaluate a subject before, during, and after therapy. 

In an aspect, the invention provides a method for monitoring the progression of breast cancer in a 
subject the method comprising: 

(a) detectmg a colorimetric change produced by treating a sample of breast fluid fi^om the 
subject obtained at a first point in time witfi a SchifTs reagent without a prewash step, 
2^ 0>) repeating step (a) at a subsequent point in time; and 

(c) comparing the colorimetric change detected in (a) and (b). and therefrom monitoring tfie 

progression of ^e breast cancer. 
The invention also relates to a method for imaging a breast tumor fi-om a subject comprising: 

(a) incubating the tumor with an aldehyde detecting reagent for a sufficient period of time to 
^ pennit the aldehyde detecting reagent to react with aldehyde markers associated with 

breast cancer, where the reagent carries a laliel for analyzing the tumor, 

(b) detecting the presence of the label localized to the tumor. 

hi accordance with an aspect of the invention an in vivo method is provided comprising 
administering to a subject a reagent that has been constructed to target one or more aldehyde markers 
30 associated with breast cancer. 

The invention therefore contemplates an in vivo method comprising administering to a mammal one 
or more reagent that carries a label for imaging and reacts with aldehyde markers associated with breast 
cancer, and then imaging the mammal. 

According to a preferred aspect of the invention, an in vivo method for imaging breast cancer is 
35 provided comprising: 

(a) injecting a subject with a reagent that reacts with an aldehyde marker associated with 
breast canco:^, the reagent carrying a label for imaging the breast cancer, 

(b) allowing the reagent to incubate in vivo and react with the aldehyde marker associated with 
breast cancer; and 
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(c) detecting the presence of the label localized to the breast cancer. 

In another embodiment of the invention the reagent is a chemical entity which recognizes the 
aldehyde marker. 

The reagent carries a label to image the aldehyde matters. Examples of labels useful for imaging 
5 are radiolabels, fluorescent labels (e.g fluorescein and rhodamine), nuclear magnetic resonance active labels, 
positron emitting isotopes detectable by a positron emission tomography ("PET*) scanner, chemiluminescers 
such as luciferin, and enzymatic markers such as peroxidase or phosphatase. Short-range radiation emitters, 
such as isotopes detectable by short-range detector probes can also be employed. 

The invention also contemplates the localization or imaging methods desaibed herein using 
10 multiple markers for breast cancer. For example, a method for imaging breast cancer may funher comprise 
injecting the patient with one or more of an agent that binds to a member of the HER family of receptor 
tyrosine kinases, estrogen receptor, interleukins, cadherins (e.g. E-cadherin), BRCAl, and BRCA2. 
The invention also provides kits for carrying out the methods of the invention. 
These and other aspects of the present invention will become evident upon reference to the 
15 following detailed description. 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance with the present invention there may be en^loyed conventional biochemistry and 
organic chemistry techniques within the skill of the art Such techniques are explained fully in the literature. 
Unless otherwise indicated, all terms used herein have the same meaning as they would to one skilled in tiie 
20 art of the present invention. 

As hereinbefore mentioned, the present invention provides a method for screening, monitoring, 
diagnosing, or for the prognosis of breast cancer in a subject by treating an aldehyde detecting reagent with a 
sample from the subject and detecting a change produced by the reagent compared to a control. Methods are 
also contemplated for detecting an aldehyde marker associated with breast cancer in a sample from the 
25 subject 

The term "'subject" refers to a warm-blooded animal such as a mammal which is afflicted with or 
suspected to be afflicted with breast cancer. Preferably, "subject*" refers to a human. 

The terms "detecting** or "detect** include assaying, quantitating, imaging or otherwise establishing 
tiie presence or absence of cancer or neoplasia of the breast or an aldehyde marker associated with breast 
30 cancer, or precursors thereof, and the like, or assaying for, imaging, ascertaining, establishing, or otherwise 
determining one or more factual characteristics of breast cancer, metastasis, stage, or similar conditions. The 
term encompasses diagnostic, prognostic, and monitoring applications. The methods can be used to detect 
the presence of cancer metastasis. They can further be used to monitor cancer chemotherapy and cancer 
reappearance. 

35 The methods of the invention are carried out using a sample known or suspected of containing a 

marker that reacts with an aldehyde detecting reagent Preferably the sample contains an aldehyde marker 
associated with breast cancer. Preferably a sample is obtained from breast fluid of a subject 

"Breast fluid** refers to a fluid produced by ducts witiiin one or both non-lactating human breasts. 
The fluid inside a duct is secreted continuously and retained long enough to accumulate a variety of secreted 



wo 2004/034059 



PCT/CA2003/001553 



10 



15 



20 



25 



30 



35 



substances and exfoliated epithelial cells (27-33). TTic fluids include but are not limited to breast nipple 
discharge, breast nipple aspirates, fluids obtained by pressure, and fluids collected by endoscopic methods. 
"Breast discharge" means fluid produced by ducts within the breast which appears spontaneously on the 
surface of the nipple; it may contain blood (18). A breast discharge may be a single duct secretion. "Breast 
aspirates" mean fluids produced by ducts within the breast which are brought to the surface of the nipple by 
gentle suction using a variety of simple suction devices. "Fluids obtained by pressure" means fluids 
produced by ducts within the breast and brought to the surface of the nipple by applying pressure on the 
breast, in particular with human hands. "Fluids collected by endoscopic methods" means fluids produced by 
ducts within the breast and collected by inserting an endoscopic device into the ducts (19). 

A breast fluid can be obtained by conventional metiiods known to the skilled artisan. Endoscopic 
coUection of fluid from individual breast ducts is carried out by standard methods (see U.S. Patent No. 
6.221.622 to Love et aL; U.S. Patent No. 6.168.779' to Barsky et al; U.S. Patents No. 6.287.521 and 
5.798.266 to Quay et al.). The coUection of breast fluid at the ductal orifice on the nipple sur&ce is a much 
simpler method of obtaining such a fluid. It is obtainable from some women vtrhen they squeeze their breast 
with both hands - droplets of the fluid appear at the duct orifice on the nipple. More commonly, the fluid can 
be aspirated from the breast of non-lactating women through the duct opening in the nipple using a simple 
non-invasive pump (see US. Patent No. 3.786.801 to Sartorius). Droplets that appear at the duct orifice on 
the nipple or the duct opening are collected into a capillary tube or directly deposited on a solid support e.g. a 
&bric suppant 

A breast fluid from a soeened 8id>ject is preferably deposited on a suitable water-insoluble substrate 
or support, such as a pad or disc, either before or after reaction with an aldehyde detecting reagent A support 
material may be prepared from, for example, glass microfibres, some polymer fibres such as polyester fibres 
(e.g. poiymacron Pupont]), and cellulose or modified cellulose fibers. Suitable support materials are, for 
example, glass microfibres Whatman GF/C. polymer fibres such as Biotrace RP, Metricel DM 450. Metricel 
VM-l, Sepraphore HI. Versapore 450. or cellulose fibre such as Whatman 3MM. The support may or may 
not be pre-treated with an antioxidant such as BHT (butylated hydroxytduene) or BHA (butylated 
hydroxyamsol). A support may be in the shape of. for example, a tube, test plate, well, beads, disc, sphere 
etc 

A sample screened in a method of the invention, (e.g. a breast fluid sample) should not be pretreated 
or modified so as to remove or damage aldehyde markers associated with breast cancer in the sample. In 
particular, a sample screened in a method of the invention should not be treated or washed with aqueous 
solutions such as water or buffers prior to treatment with an aldehyde detecting reagent. Aldehyde markers in 
a sample may be soluble in water and may be removed if the sample is washed prior to treatmem with the 
reagent. 

A method of the invention utilizes an aldehyde detecting reagent An "aldehyde detecting leagem" 
refers to a reagent that is capable of detecting an aldehyde, in particular an aldehyde marker associated with 
breast cancer in a mixture. Typically the reagent specifically reacts with aldehyde groups or aldehydic group 
forming compounds and it is detectable by suitable properties such as color, (i.e. a colorimetric change, for 
example, qiecific spectral properties, fluorescence, chemiluminescence, and other biological reactions 
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detectable by color), mass spectral properties, and chromatographic properties. Many aldehyde detecting 
reagents may be used in the practice of the invention. Suitable aldehyde detecting reagents include 
compounds containing amino groups that under acidic conditions form addition compounds with aldehydes 
and have detectable properties such as color or fluorescence. In a preferred embodiment of the invention, the 
5 aldehyde detecting reagent is a SchifTs reagent A SchifPs reagent employed in methods of the invention 
reacts with aldehydes with high sensitivity to form a purple or purple-magenta color addition compound 
(34,35). 

A SchifTs reagent may be prepared in accordance with standard methods or obtained from 
commercial sources. A particulariy sensitive and specific method results from using the Schiff s reagent 

10 prepared as illustrated herein (e.g. see Example 1). In some circumstances it is desirable to allow the reagent 
to mature for between 4 days to 6 weeks at 3^C to 5^C before use. In a particular embodiment, the reagent is 
allowed to mature for about 4 days at room temperature. 

A sample is generally treated with an aldehyde detecting reagent under conditions suitable for the 
reagent to produce a detectable change in the presence of an aldehyde, in particular an aldehyde marker 

15 associated widi breast cancer. Typically the sample is reacted with an aldehyde detecting reagent at about 
15-30^C, in particular 20-25'C. An aldehyde detecting reagent may be sprayed on a sample deposited on a 
solid support, Ae solid support with the deposited sample may be inserted into an aldehyde detecting 
reagent, or tibe sample may be applied to a solid support comprising an aldehyde detecting reagent A 
detectable change may be formed between about 2 to 60 minutes, in particular 10 to 20 minutes, more 

20 particularly about 20 minutes. The sample is washed with an aqueous solution, preferably water, for a 
sufficient period of time to remove surplus aldehyde detecting reagent. A positive reaction is scored when a 
pennanent detectable change is detected. When the aldehyde detecting reagent is a SchifPs reagent, a 
positive reaction is scored when a purple or purple-magenta color is formed. However, different shades of 
color may be observed that may correlate with the clinical condition of a subject e.g. late stage disease. The 

25 color change may also be detected by absorption spectroscopy, for instance using a reflectance probe. When 
a marker is absent, the support remains colorless although some background coloration may be present 
A general procedure for use in the implementation of the invention is as follows. 
A nipple aspirate fluid sample obtained by a physician, a trained nurse, or a subject from a breast is 
deposited on a suitable water-insoluble substrate or support, such as a pad or a disc. The support with the 

30 deposited nipple aspirate fluid sample is sprayed with SchifiPs reagent from an atomizer and the specimen 
becomes strongly red colored. Twenty minutes after exposure to SchifTs reagent, the plates are repeatedly 
washed with distilled water, while gently agitated, for a period of about 10 mmutes, wi& a change of water 
about every three minutes until die washing water is no longer colored. Usually three washings with water 
are sufficient Alternatively, a specimen deposited on a support is briefly inserted into SchifTs reagent, 

35 preferably for no more than about 1 minute; the specimen becomes red colored and after about 20 minutes it 
is washed repeatedly with water while gently agitated until the water is no longer colored as described 
hereinabove. A positive reaction is scored when pennanent purple color remains on the support 
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If a specimen does not produce any coloration, it may be because of the absence of the marken: or 
their precursors from the nipple aspirate fluid, or because insuflScient quantity of the fluid was deposited on 
the support When an aspirate fluid lacking the marker is involved, red coloration appears at the place where 
the fluid was deposited shortly after treatment with SchifPs reagent, but the color is completely removed 
when the colored specimen is subjected to repeated washings. If insufficient amount of the aspirate fluid was 
deposited, weak initial red coloration appears after treatment with SchifTs reagent, but the color is removed 
by washing (as above). 

During the practice of a particular process according to the invention, the initial color formed is due 
to the red dye/».rosaniline reflecting the decomposition of SchifFs reagent from which the dye is liberated. 
This color is soluble in water and it is removed by washing with water. As described hereinabove, the puiple 
color of the marker cannot be removed by washing with water. 

The properties of a SchifiFs reagent may vary according to the combination of various isomera 
present in commercial prqtarations ofp-rosanilin and according to the method of preparation of the SchifTs 
reagent itself The preferable procedure for the preparation of an appropriate SchifPs reagent is described 
herein. To obtain reproducible results with maximum sensitivity and stability, it is recommended to allow the 
reagent to mature at room temperature for about four days before use. 

The support (substrate) may generally be exposed through a circular aperture (1.0 - 1.3 cm 
diameter) between two tightly sealed rectangular hard plastic plates. The dimensions of the sealed assembled 
plates may be those of microscope slides which would make it possible to utilize the equipment standard for 
20 die simultaneous treatment of microscope slides. 

In a particular embodimem of the invention, the support comprises a fisme assembly. The fiwne 
assembly comprises a pair of rectangulariy shaped plates (25 mm x 75 mm x 1 mm) from a hard plastic 
resistant to acids, resembling the plastic used to manu&cture credit caids. A circular aperture (1.0 -1.3 cm in 
diameter) appears centered at about 12.5 mm from three sides of the plate. The support fabHc. comprising 
fthric from gl9ss or polyester fibre, giving no color reaction with SchifTs reagent, is placed fai between the 
two superimposed ptetes sealed together thennally or using a glue or adhesive tapes. The support is 
accessible on both sides to deposit the nipple fluid obtained from a subject; the fluid is deposited on one side 
only. 

In operation, a physician or nurse places a specimen of the nipple fluid onto the surface of the 
support in the plate's aperture. The plates are transferred to a laboratory to be processed individually or in 
batches the size of which is detennined by the equipment utilized in the practice of tiie test The plates are 
discarded after the results are read. If color is difficult to be certain of. the plates may be read at a later point 
in time, in particular one to seven days later. 

A process is hereinbelow described as a . screening test for the early detection of neoplasia, 
precancer, or cancer of the breast Onto the support secured in the plate as described hereinabove and 
convenient to handle is deposited a specimen of the nipple fluid. The plates with the deposited specimens are 
temponaily stored at .20» C and tiansfeired to a processing laboratory in a container cooled by dry ice. Upon 
arrival the plates are removed from the dry-ice container in which diey were transported and stored if so 
requied in a freezer for a prolonged period of time, such as six montiis. at -70»C. 
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To develop, the plates are removed from the freezer in which they had been stored, allowed to 
warm up to room temperature (21**C), and kept at that temperature for at least 4-5 hours so that they can 
sufficiently adhere to the support before starting the treatment with SchifTs reagent. 

More specifically, for processing, the following method has been found suitable. Individual plates 
5 with deposited nipple fluid allowed to warm up to room temperature are sprayed with SchifTs reagent 
described hereinbelow and allowed, to. develop red color within 20 minutes. Then the plates are washed by 
immersing the plates into a glass container with distilled water for approximately three minutes, and the 
washing is repeated three times for the total washing time of approximately 10 minutes. The last washing 
water usually becomes colorless. Approximately 30 minutes after exposure to SchifTs reagent, including 
1 0 washing time, the plates are scored by reading the remaining purple color. 

It should be noted that a weakly positive test result is to be expected if only a small amount of the 
fluid is present on the support, and tiius it has the same validity as a stron^y positive result of an abundant 
fluid sample. 

The methods described herein may be modified by including reagents to detect additional maricers 

15 associated with breast cancer. Other markers include but are not limited to a member of the HER family of 
receptor tyrosine kinases, estrogen receptor, interleukins, cadherins (e.g. E-cadherinX BRCAl, and BRCA2. 

The invention provides a method for imaging tumors associated with an aldehyde marker associated 
with breast cancer. The invention also contemplates imaging mediods described herein using multiple 
markers for breast cancer. For example, a method for imaging breast cancer may utilize a reagent diat reacts 

20 with one or more aldehyde marker associated with breast cancer and one or more of a reagent that binds to a 
member of the HER family of receptor tyrosine kinases, estrogen receptor, interleukins, cadherins (c,g. E- 
cadherin), BRCAl, and BRCA2. In a particular embodiment, each reagent is labeled so that it can be 
distinguished during the imaging. 

In an embodiment the method is an in vivo method and a subject or patient is administered one or 

25 more reagents that carry an imaging label and that are capable of targeting or treating with an aldehyde 
marker associated with breast cancer. The reagent is allowed to incubate in vivo and reacted with an 
aldehyde marker associated with breast cancer. The presence of the label is localized to the breast cancer, 
and the localized label is detected using imaging devices known to those skilled in the art 

The reagent may be an antibody or chemical entity which reacts with the aldehyde marker. The 

30 reagent carries a label to image the aldehydes. The reagent may be labelled for use in radionuclide imaging. 

In particular, the reagent may be direcdy or indirectly labelled with a radioisotope. Examples of 
radioisotopes that may be used in the present invention are the following: ^^Ac, '"At, *"Ba, "'Ba, ^Be, 
=*«Bi. ^°^Bi. -^^Bi, ^^Br, ""Br, «Br, '<^Cd. ^^Ca, "C. >^C. ^Cl. «Cr. ^'Cr. ^Oi, "Cu, ^Cu, '«Dy, >«Eu, '^F. 
'^Gd, ^Ga. *^Ga, «Ga, '^Ga, '^«Au, ^H, '^Ho. !"ln, '"'"In, "^"In. '"l. '^I. '^^I, '«'lr, ''''"Ir, '^Ir, ''^Ir, ^Fe. 

35 ^^Fe, ^Fe, '"Lu. "O, '^'-^^^Os, '^d, "P, "P. «K. ^Ra, '"^Re, ''^^Re, ^Rb. '«Sm,'^Sc, ^^Sc, '^Se, "Se, 
'"Ag, "Na, «Na. ''Sr, "S, '^Ta, '^Tc, ^c, =^*T1. ««T1. '»Sh, '"-"Sn, ^^^Sn, '«^1>. '^»Yb, "^Yb, «*Y, 
*^Zn and «Zn. Preferably Ae radioisotope is »'l, '"l, »»I, «»I, '"Re, '"Re, "P, *»Sni, *"Ga, 

^'TI "Br, or "F, and is imaged with a photoscanning device. 
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Procedures for labeling biological agents with the radioactive isotopes are generally known in the 
art. U.S. Patent No. 4302.438 to Zech describes tritium labeling procedures. Procedures for iodinating 
biological agents, such as anHbodies. binding portions thereof, probes, or ligands. are described in the 
sciemific liteiature ( 38. 39). «,d U.S. Patent Nos. 3.867.517 to Ling and 4.376.110 to David et al.. 
Iodinating procedures for agents are described in the scientific literature (40-42) as well. »*» Tc-labeling 
procedures are described by Rhodes. B. et a!. (43). Procedures suitable for In-labeling biological agents 
are described by Hnatowich, D. J. et al. (44, 45) and Buckley, R. G. et al.(46). 

A reagent may also be labeled with a paramagnetic isotope for purposes of an in vivo method of the 
invention. Examples of elements that are useful in magnetic resonance imaging include gadolinium, terbium, 
tin. iron, or isotopes thereof ( See. for example, references 47 to 51. for discussions on in wvL nuclea^ 
magnetic resonance imaging.) 

In the case of a radiolabeled reagent, the reagent may be administered to ti>e subject, it is localized 
to the tumor having an aldehyde marker associated with breast cancer with which the agent binds, and is 
detected or "imaged- in vivo using known techniques such as redionuclear scanning using e.g.. a gamma 
camera or emission tomography (e.g.. 52). A positren emission transaxial tomography scanner, such as the 
seamier designated Pet VI located at Brookhaven National Laboratory, can also be used where the radiolabel 
emits positrons (e.g.. " C, " F, " O. and '* N). 

Whole body imaging techniques using radioisotope labeled iigents can be used for locating both 
primary tmnors and tmnois which have metastasized. Antibodies specific for an aldehyde marker, or 
fragments thereof having the same epitope specificity, are bound to a suitable radioisotope, or a combination 
thereof and administered parenteraUy. The bio-distribution of the label can be monitored by scimignqAy. 
and accumulations of the label are related to the presence of breast cancer cells. Whole body imaging 
techniques are described in US. Patent Nos. 4.036.945 to Haber and 4.311.688 to Burehiel et al. Other 
examples of reagents useful for diagnosis and therapeutic use include metellothionein and fragments (see. 
US. Patent No. 4.732.864 to ToImanX These agents are useful in diagnosis staging and visualization of 
cancer so that surgical and/or radiation treatment protocols can be used more efRciCTtly. 

The methods of the invention can be carried out using a kit A kit may comprise, for example, a 
container such as a package, carton, tube. box. roll, tape, or other capsule-like object comprismg a solid 
support and the necessary reagents to cairy out a method of the invention. A kit may contain means for 
detecting the reaction of an aldehyde detecting reagent and an aldehyde associated with breast cancer in a 
sample. A support may be pre-treated with a solution of an aldehyde detecting reagent (e.g SchifFs reagent) 
to retain an active portion thereof, or the container may have each of the support and the reagent separately 
packaged: or the reagent may be generated before use from basic fuchsin deposited on the support. Where 
the kit is intended for U, vivo use. single dosages may be provided in sterilized containers, having the desired 
35 amount and concentration of reagents. 

In an embodiment of the invention, a screening kit is provided as hereinabove defined but 
inconnaHtnig packaged basic frichsin mstead of SchifPs reagent The basic fuchsin is provided as a source of 
SchifiPs reagent by subsequent reaction of sulphur dioxide or sulfite witfa the basic fuchsin in acidic 
conditions. Instead of the above, sulfiir-dioxide in situ genenUing agents, could be used. 
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A screening test kit provides means for conducting a mediod of the invention for detecting 
neoplasia, a precancerous condition, or cancer of the breast in a hospital, medical laboratory or clinic, or 
outside a hospital or clinic. 

The invention will now be illustrated by tiie following non-limiting examples: 
5 EXAMPLES 
Example 1 

Preparation of SchifFs reagent: /^Rosanilin (0.2 g) is dissolved in hot water (100 mL); after cooling to room 
temperature sodium bisulfite (1.17 g) and \N hydrochloric acid (17 mL) are added sequentially, and the 
solution is allowed to stand in the dark at room temperature for 4 days. Then charcoal (0.15 g) is added, 
10 mixed well, and filtered of£ The resulting colourless solution is stable for a prolonged period of time in a 
refrigerator at +2 to +5**C. 
Example 2 

Sample nipple fluid was deposited on the fabric portion of the plates and stored at -70'*C in a freezer. Before 
processing, individual plates with deposited nipple fluid were allowed to warm up to tiie room temperature 

15 . . and kept at that temperature for 5 hours. Then the febric portions of the- plates were sprayed with SchifPs 
reagent described in Example 1, and allowed to develop red/purple color for 20 minutes. The plates werr 
then placed in a glass vessel sudi as a "Wheaton staining dish** which was filled with distilled water and 
gently agitated for 3 minutes. For agitation, an orbital shaker at 65-100 RPM was used. The colored washing 
water was replaced by fresh distilled water, the staining dish with the plates carrying the specimens was 

20 again gently agitated for 3 minutes, and the colored water discarded The washing was repeated three times 
for the total washing time of 10 minutes, with a change of water approximately every three mmutes. Usually 
the last washing water remained colorless through washing. Then, 30 minutes after exposure to SchifPs 
reagent, including waging time, die plates were scored by reading the remaining purple color. 
Example 3 

25 Nipple aspirate fluid (34 specimens) from 28 subjects (12 diagnosed with cancer) age between 30 

and 52 years (median 41 years) attending the Breast Care Clinic at the University of California at San 
Francisco had been collected using an aspirator (25,26) well known to those experienced in the art, and four 
nipple fluid specimens from healthy volunteers at the University of Toronto were collected using the 
pressure method. The test results were positive in all subjects diagnosed with breast cancer (malignant or 

30 invasive, ductal carcinoma in situ, and lobular carcinoma i/i situ). The test was negative in most disease-fim 
subjects. Exceptions were: two specimens from the high risk group (first degree relative such as mother, 
sister; daughter diagnosed with breast cancer) were both positive. Two individuals attending the Brea.'^t Care 
Clinic for unspecified reasons tested positive although they neither became diagnosed with breast cancer nor 
had a first degree relative with breast cancer. 



wo 2004/034059 



PCT/CA2003/001553 



10 



15 



20 



- 15- 

REFERENCE LIST 

The present specification refers to the following publications and patents, each of which is 
expressly incorporated herein by reference. 

Publications 

1. Greenlee RT. Hfll-Hamion MB. Murray T. et al.: Cancer statistics. 2001. CA: A Cancer Joumal for 
Clinicians 51, 15-36. 

2. Feuer EJ. Wun LM: How much of the recent rise in breast cancer incidence can be explained by 
mcreases in mammography utilization? 1992. Am. J. Epidemiol. 136, 1423-1436. 

3. Self-reported use of mammography and insurance status among women aged > or = 40 year^- 
United States. 1991-1992 and 1996-1997. 1998. Morbidity and Mortality Weekly Report 47 825- 
830. 

4. Breen N. Kessler L: Changes in the use of screening mammography: evidence from the 1987 and 
1990 National Health Interview Surveys. 1994. Am. J. Public Health 84. 62-67. 

5. a) Ransohofif DF. Lang CA: Screening for colorectal cancer. 1991. New Engl. J. Med 325 37 b) 
Mamlel JS. Bond JH. Church TR. Snover DC, Bmdley GM. Schuman LM, Ederer F: Reducing 
mortality from colorectd cancer by screening for fecal occuh blood. 1993. New Engl.J.Med. 328, 
1365. 

5. »>J^-«»'««rfBahnAK:Epidemiology.AnIrtroductoryText.pp.242-243.W.B.Saumien^ St 
Louis. MO. 1974. b) Ringash J: Canadian task Fon« on Prevemivc Health Care. Preventive h«Uth 
care, 2001 update. 2001, J. Can. Med. Assoc. 164. 469-76. 
^ Kiepimdcy JJ. Kandel GP. Yeung KS, Chociej J. Chen M, Cohen G. Douglas SP, Furrer R, Kukreti 
V. Lupescu N. Riehens E and Tamier KL: From T-antigen to plasmalogen-derived aldehydes The 
identrficatioa of . marker of coloiectal cancer in human rectal mucous. 2003. Can. J. Chem 81 



25 109-117. 



9. 

30 

10. 

11. 

35 12. 
13. 



HohnbcB L. Ekhom A. Calle E. et aL: Breast ca«:er mortality in relation of self-reported use of 
breast self-examination. A cohort study of 450.000 women. 1997. Breast Cancer ReseanA and 
Treatment 43, 137-40. 

Bobo JK. Lee NC. Thames SF: Findings from 752.081 clinical breast examinadons n^orted to a 
national screening program from 1995 through 1998. 2000. J. Natl. Cancer Inst 92 971-976 
En«,er VI. Ban:toy J. Keriikowske K. et al.: Incidence of and treatment for ductal carcinoma in 
situ of fte breast 1996, J. Am. Med. Assoc 275, 913-918. 

Gotzsche PC and Olsen: Is screening for breast cancer with mammography justifiable? 2000, TTie 
Lancet 355. 129-134. 

Olsen O and Gotzsche PC: Cochrane review on screening for bn^ast omcer with mammography. 
2001, The Lancet 358. 1340-1342. 

Olsen O and Gotzsche PC: Screening for breast cancer with mammography. 2001. Cochrane 
Library, issue 4, Oxford: l^idate Software, in press. 



wo 2(»04/034059 



PCT/CA2003/00 1 553 



- 16- 

14. Teh W, Wilson AR: The role of ultrasound in breast cancer screening. A consensus statement by the 
European Group fen- Breast Cancer Screening. 1998, Eur. J. Cancer 34, 449-450. 

15. Kuhl CK, Bieling HB, Gieseke J, et al.: Healthy premenopausal breast parenchyma in dynamic 
contrast-enhanced MR imaging of the breast: nionnal contrast medium enhancement and cyclical- 

5 phase dependency. 1997, Radiology 203, 137-144. 

16. a) Katagiri T, Kasumi F, Yoshimoto M et al.: High proportion of missense mutations of the BRCAl 
and BRCA2 genes in Japanese breast cancer families. 1998, J. Hum. Genet 43, 42-48; b) Borg A, 
Dorum A, Heimdal K, Maehle L, Hovig E, MoUer P; BRCAl 1675delA and 1135insA account for 
one third of Norwegian familial breast-ovarian cancer. 1999, Dis. Markers 15, 79-84. c) Wagner T, 

10 Stoppa-Lyonnet D, Fleischmann E, Muhr D, et al.: Denaturing HPLC detects reliably BRCAl and 

BRCA2 mutations. 1999, Genomics. 62, 369-376. 

17. Santarosa M, Viel A, Dolcetti R, Crivellari D, et al.: Low incidence of BRCAl mutations among 
Italian femilies with breast-ovarian cancer. 1998, Int J. Cancer 78, 581-586. 

18. Okazaki A et al.: Relationship between cytologic results and the extent of intraductal spread in non- 
15 palpable breast cancers with nipple discharge 1996, Tumor Res. 3 1, 89-97. 

19. Love SM, Baisky SH: Breast-duct endoscopy to study stages of cancmus breast disease. 1996, The 
Lancet 348, 997-999. 

20. Shao ZM, Liu YH, Nguyen M: The role of tiie breast ductal system in tiie diagnosis of cancer. 
2001, Oncology Reports. 8, 153-156. 

20 21. Petrakis NL: Physiologic, biochemical, and cytologic aspects of nipple aspirate fluid. 1986, Breast 
Cancer Research and Treatment 8, 7-19. 

22. Lee MM, Wrensch MR, Miike R, Petrakis NL: The association of dietary fot with ability to obtain 
breast fluid by nipple aspiration. 1992, Cancer Epidemiol., Biomarkers and Prevention 1, 277-280. 

23. Petrakis NL, Miike R, King £B, Lee L, Mason L, Lee BC: 1988, Association of breast fluid 
25 coloration with age, ethnicity, and cigarette smoking. Breast Cancer Research and Treatment 328, 

255-26^ 

24- Petrakis NL, Lee MM, Wrensch MR, Emster VL, Miike R, Koo LC, Ho JC: Birtl^lace and yield of 
nipple aspirate fluid in Chinese women. 1998, Cancer Epidemiol., Biomarkers and Prevention. 7, 
835-839. 

30 25. Petrakis NL: Nipple aspirate fluid in epidemiologic studies of breast disease. 1993, Eoidemiol. 
Revs. 15, 188-195. 

26. Petrakis NL: Studies on the epidemiology and natural history of benign breast disease and breast 
cancer using nipple aspirate fluid. 1993, Cancer Epidemiol, Biomarkers, and Prevention 2, 3-10. 

27. Shao ZM and Nguyen M: Nipple aspiration in diagnosis of breast cancer. 2001, Seminars in 
35 Surgical Oncology. 20, 175-180. 

28. Wrensch MR, Petrakis NL, King EB, Miike R, Mason L, Chew KL, Lee MM, Emster VL, Hilton 
JF, Schweitzer R, Goodson WH, Hunt TK: Breast cancer incidence in women with abnormal 
cytology in nipple aspirates of breast fluid. 1992, Amer. J. Epidemiol. 135, 130-141. 



wo 2004/034059 



PCT/CA20t>3/«0 1 553 



17- 



29. 
30. 

31. 

32. 



Sauter E.: Nipple aspirate fluid: a promising non-invasive method to identify cellular markers of 
breast cancer. 1997, Brit J. Cancer 78, 494. 

Lee MM, Petrakis NL, Wrensch MR, King EB, Miike, R, Sickles E: Association of abnormal nipple 
aspirate cytology and mammographic pattern and density 1994, Cancer Epidemiol., Biomarkers 
and Prevention. 3, 33-36. 

Wrensch MR. Petrakis NL. King EB. Lee MM. Miike R: Breast cancer risk associated with 
abnormal cytology in nipple aspirates of breast fluid and prior history of breast biopsy. 1993. Amer. 
J. Epidemiol. 137, 829-833. 

Sartorius OW: Breast fluid cells help in early cancer detection. 1973. J. Am. Med Assoc '>24 823- 
10 827. ' ' 

33. Hayes DF: Tumor markers for breast cancer. 1993. Annals Oncol. 4, 807-8 19. 

34. Kasten FH: The chemistry of SchifTs reagent. 1960, Int Revs. Cytol. 10, 1. 

35. Robins JH. Abnuns. GD. Pincock JA: The structure of SchifTs reagent aldehyde adduct and the 
mechanism of the SchifTs reaction as detennined by nuclear megnetic resonance spectroscopy. 

'5 1980, Can. J. Chem. 58. 339. 

36. 
37. 

20 38. 
39. 



41 

42. 

30 43. 



44 

35 



45. 



Merchant TE. Meneses P. Gierke LW. Den Otter W. Glonek T: 31p Magnetic resonance 
phospholipid profiles of neoplasUc human breast tissues. 1991. Brit. J. Cancer 63, 693-698. 
Kelsey MI: Epidemiology and prevention of breast cancer. 1996. Ann. Rev. Public Health 17, 47-6 



7. 



Humer WM and Grenwood FC: Preparation of lodine-Ul IOkM human growth hormone of high 
specific activity. 1962, Nature 194,495-6. 

David OS and Reisfeld RA: Protein iodination with solid state lactopenwddase. 1974, Biochemistry 
13. 1014-1021. 

40. Greenwood FC and Hunter WM: The prepan.tion of »'l - labeled human growth hormone of high 
25 specilic radioactivity. 1963, Biochem. J. 89, 1 14- 123. 

Marchalonis J: An enzymic method for the tnce iodimttion of immunoglobulins and other proteins. 
1969, Biochem. J. 1 13. 299-305. 

Morrison M. Sisco-Bayse G. Webster RG: Use of lactoperoxidase-catalyzed iodimition in 
immunochemical studies. 1971. Immunochemisfry 8. 289-297. 

Rhodes BA. Torvestad DA. Breslow K, Burchiel SW. Reed KA. Austin RK: '^-fc-labeling and 
acceptance testing of radiolabeled antibodies and antibody fragments in Burchiel SW, Rhodes BA, 
Friedman BE (Eds.):Tumor imaging: The ladioimmunochemical detection of cancer. Masson, New 
York and Paris, 1982, pp.1 12-123. 

Hnatowich DJ. Childs RL. Lantelgne D, TMajafi A: The preparation of DTPA-coupled antibodies 
radiolabeled with metallic radionuclides: An improved method. 1983. J. Immunol. Methods 65, 



147-157. 



Najafi A. Childs RL. Hnatowich DJ: CoupUng antibody with DTPA - an alternative to the cyclic 
anhydride. 1984. Int J. Appl.Radiation. 35, 554-557. 



WO20CM/034059 ^ ^ PCT/eA2003/001553 



-18- 

46. Buckley RG and Searle F: An efficient method for labeling antibodies with * ' *In. 1984, FEBS Lett. 
166, 202-204. 

47. Schacfer S, Lange RA, Kulkarni PV, Katz J, Parkey RW, Willerson JT, Pcshok RM: In vitro 
nuclear magnetic resonance imaging of myocardial perfusion using tiie paramagnetic contrast agent 

5 manganese gluconate. 1989, J. Amer. College Cardiol. 14, 472-480. 

48. Shreve P and Aisen AM: Monoclonal antibodies labeled with polymeric ion chelates. 1986, Magn. 
Reson. Medicine, 3, 336-340. 

49. Wolf GL: Contrast enhancement in biomedical NMR. 1984, Physiol. Chemistry Physics Medical 
NMR 16, 93-95. 

10 50. Wesbey GE, Engelstad BL, Brasch RC: Paramagnetic pharmaceuticals for magnetic resonance 
imaging. 1984, Physiol. Chemistry Physics Medical NMR 16, 145-155. 

51. Runge VM, Clanton J A, Foster MA, Partain CL, James AE, Jr.: Paramagnetic NMR contrast agents 
development and evaluation. 1984, Investig. Radiol. 19,408-415. 

52. Bradwell AR, Fairweather DS, Dykes PW: Developments in antibody imaging, in Monoclonal 
15 antibodies for cancer detection and fherapy (Baldwin RW, Ed). Academic Press, New York 1985, 

pp. 65-85. 

Patents 

1 . U.S. Pat No. 5,416,025, Krepinslgr ct al. May 16, 1995. 

2. U.S. Pat No. 6,187,591, Krepinsky et al. Feb 13, 2001. 
20 3. U.S. Pat No. 6,613,189, Haddad et al. Nov 13, 2001. 

4. U.S. Pat No. 6,221,622, Love et al. Apr 24, 2001. 

5. U.S. Pat No. 6,168,779, Barsky ct al. Jan 2. 2001. 

6. U.S. Pat No. 6,287,521, Quay et al. Sep 1 1, 2001. 

7. U.S, Pat No. 5,798,266, Quay et aL Aug 25. 1998. 
25 8. U.S. Pat No. 5,627,034, Gould et al. May 6, 1 997. 

9. U.S. Pat Appl. No. 20010039015, Sauter, Nov 8, 2001. 

10. U.S. Pat Appl. No. 20010034038, Huang, Oct 25, 2001. 

1 1. U.S. Pat No. 3,786,801, Sartorius. Jan, 1974, 

12. U.S, Pat No. 4,302,438, Zech, Jan 8, 1980. 
30 13. U.S. Pat No. 3.867.517, Ling, Feb 18, 1975. 

14. U. S. Pat No. 4,376.1 10, David et al. Mar 8. 1983. 

15. U.S. Pat No. 4,036,945; Haber, July 19, 1977. 

16. U. S. Pat No. 4,3 1 1,688, Burchiel et al., Jan 19, 1982. 

17. U. S, Pat N. 4,732.864, Tolman, Mar 22, 1988. 



wo 2004/034059 



PCT/CA2«03/0« 1 553 



19 



10 



15 



The present invention is not to be limited in scope by the specific embodiments described herein, 
since such embodiments are intended as but single illustrations of one aspect of the invemion and any 
functionaHy equivalent embodiments arc within the scope of this invention. Indeed, various modifications of 
the invention in addition to those shown and described herein will become apparent to those skilled in the art 
from the foregoing description and accompanying drawings. Such modifications are intended to fiill within 
the scope of the appended claims. 

All publications, patents and patent applications referred to herein are incorporated by reference in 
their entirety to the same extent as if each individual publication, patent or patent application was 
specifically and individually indicated to be incoiporated by reference in its entirety. All publications, 
patents and patent applications mentioned herein are incorporated herein by reference for the purpose of 
describing and disclosing the cell lines, vectors, methodologies etc. which ar« reported therein which might 
be used in connection with the invention. Nothing herein is to be construed as an admission that the 
invention is not entitled to antedate such disclosure by virtue of prior invoition. 

It must be noted that as used herem and in Ae appended claims, the singular forms "a", "an", and 
"the" include plural reference unless the context clearly dictates otherwise. Thus, for example, reference to 
"the aldehyde marker" includes a pluraUty of such aldehyde markers, and so forth. 
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We claim: 

1. A method for detecting neoplasia, a precancerous condition, or cancer of the breast in a subject 
comprising treating a sample of breast fluid from tiie subject widi an aldehyde detecting reagent 
where the detection of a change produced by the aldehyde detecting reagent compared to a control 

5 is indicative of neoplasia, a precancerous condition, or cancer. 

2. A method of claim 1 comprising the following steps: 

a) obtaining a sample of breast fluid from a subject; 

b) depositing the sample on a solid support; 

c) treating the sample with an aldehyde detecting reagent without any prewashing; 

10 d) detecting a colorimetric change produced in the sample, where detection of a colorimetric 

change compared to a control is indicative of neoplasia, a precancerous condition, or 
cancer of the breast 

3. A method of claim 1 for detecting a neoplasia, a precancerous condition, or cancer of die breast in a 
subject^ which method comprises: 

15 8) . obtaining a sample ofbreast fluid from a subject; 

b) depositing the sample on a solid support; 

c) treating the sample on the support widi a SchifiTs reagent without any prewashing; and 

d) detecting a colorimetric change resulting from tiie reaction of die sample and SchifiTs 
reagent wherein a colorimetric change is indicative of neoplasia, a precancerous condition| 

20 or cancer of die breast 

4. A method as claimed in claim 1 comprising: 

a) obtaining a sample ofbreast fluid from a subject; 

b) depositing the sample on a solid support; 

c) treating the sample on the support with a SchifTs reagent without any prewashing; 
25 d) washing the support carrying the sample; and 

e) detecting a colorimetric change resulting from the reaction of the sample and SchifTs 
reagent wherein a colorimetric change is indicative of neoplasia, precancer or cancer of the 
breast. 

5. A method of claim 1 for detecting the presence of neoplasia, a precancerous condition, or cancer of 
30 die breast, which method comprises: 

(a) obtaining a sample of breast fluid from the nipple of one or both non-Iactating breasts of a 
subject; 

(b) depositing the coUected sample on a solid water-insoluble support; 

(c) treating the sample on the support with a SchifTs reagent without any prewashing; 
35 (d) washing the sample; and 

(e) screening for neoplasia, a precancerous condition, or cancer of the breast by persistent 
purple coloration produced in the sample. 

6. A method of claim 5 wherein the breast fluid is breast discharge, ductal secretion, or nipple aspirate 
fluid. 
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A method for detecting neoplasia, a precancerous condition, or cancer of the breast in a subject 
comprising obtaining from the subject a sample suspected of containing an aldehyde marker 
associated with breast cancer, and detecting the presence of the aldehyde marker in the sample. 
A method of claim 7 wherein the aldehyde marker is capable of reacting with a SchifTs reagent to 
produce a colorimetric change. 

A method as claimed in claim 7 or 8 wherein the aldehyde marker comprises low molecular weight 
aldehydes that are soluble in water. 

A method of claim 7. 8, or 9 for detecting neoplasia, a precancerous condition, or cancer of the 
breast in a subject comprising: (a) obtaining a sample of breast fluid from the subject; (b) detecting 
in the sample one or more aldehyde markers associated with breast cancer, and (c) comparing to a 
control. 

A method of clahn 7, 8, or 9 for detecting neoplasia, a precancerous condition, or cancer of the 
breast in a subject by quantitating one or more aldehyde maricers associated with breast cancer in a 
sample of breast fluid from the subject comprising: 

(a) treating the sample with an aldehyde detecting reagent; and 

(b) measuring a detectable change produced by the aldehvd? d«er r - - .-en. ;r, tne presence 
of an aldehyde marker; wherein a change ii, • - :...r: . : -vel of the detectable change 
compared to a conr-,-' : cM,ve of neoplasia, a precancerous condition, or cancer of the 



breast. 



A method for detecting the presence of neoplasia, a precancerous conditiwi, or cancer of flie breast, 
which method consists essentially of obtainmg a sample of breast fluid from the breast of a subject; 
treating the sample with a SchifTs reagent; and, detecting neoplasia, a precancerous condition, or 
cancer of Ae breast based upon the coloration produced in the sample by the treatment. 
13. A method as claimed in clahn 12 wherein the coloration is distinguished from other colorations. 

A m0hod as claimed in claim 12 or 13 wherein the breast fluid is nipple aspirate or nipple aspirate 
fluid. 

15. A method as claimed in clahn 12. 13, or 14 wherem the breast fluid is nipple disdiarge. 

16. A method as claimed in claim 12. 13, or 14 wherein the breast fluid is ductal secretion. 

17. A method as claimed in any one of claims 12 to 16 wherein the sample is adsorbed on a water- 
30 insoluble substrate. 

A method as claimed m clahn 17 wherein the water-insoluble substrate is made from polyester 
fibre, polyraacron, or glass fibre fabrics. 

A method as claimed in any of the preceding claims wherein the sample is additionally screened for 
the presence of other markers that are indicators of breast cancer. 

A metiiod for imaging a breast tumor from a subject comprising (a) incubating tiie tumor wifli an 
aldehyde detecting reagent for a sufficient period of time to permit the aldehyde detecting reagent to 
react wifli aldehyde maifcers associated witii breast cancer in tiie tumor, where the reagent carries a 
label for imaging tiie tumon and (b) detecting the presence of the label localized to tiie tumor. 
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An w vivo method comprising administering to a subject a reagent that has been constructed to 
target one or more aldehyde markers associated with breast cancer. 

A method as claimed in claim 20 or 21 wherein the aldehyde markers associated with breast cancer 
comprise low molecular weight aldehydes that are soluble in water. 
A kit for carrying out a method of any preceding claim. 
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